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(g) Battary vottaga taatar. 

@ Tha prwant invantion voiua to an 
aJacBocnanMl call and a tcat»"Or<harga taa- 
tof O^afafor. tfta ocfl oontpnting an opa n ■ andad 
oomainar for ma activa ingradtanti of the csU 
and pro^fiding on# tanninat, a cover providing 
the 00^ tarmnat of tha cad and being aeafed 
over and inautatad from tha open and of the 
oontatner, tha taatar iMtng fasBentty dafbniv 
«Ua and oonflgured ao that whan in oae. It can 
be cauaad to contaci botft twininafi of tha 
baOary o eoniplati a dreuft thafBl)et«een, tha 
laaiv htfthar oofnprlav^ an atactrtcaSy 
Ova porOon baOMan tha toniilntl oontacti and 

^^^^^^^^^^^^^ ^^^^^^^^^ .A^te ^^^^^^h^A i fV> ^ 

ooopawPfa iwa m wan m ewcnern vwmy 
raapona^^ to Ota oondtton of tha laaiatwe pot* 
tton, fihamcDKtaad in that tha tMmnal comacts 
of tha laatar art aaourad In proxliTYlty to tha 
oovar. at laaat one of tha Itmnnal contacts 
batfig biaaaad away front contact with the roie^ 
am tammal auch Otat manual praasurt ia aufll- 
oanc to oovnplati Om oontact aald nnanual 
pHMaua being axaitabia nonnaf to tha oon> 
tarar and at tha parlphtfy of tfta oover. tha 
aOvantaga being tiat tha taatar m uNkaty to be 
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The present invtntion rHstes to an Hocvocherrv 
icaJ odl and t state-cf<harge tester therefor, the cell 
compnsing tn open^nded oonuincr for the active 
tiij^fedtents of tht ceil and providtng one termrneJ. a 
cover provtdino the ^erttfmtnel of tht cell end being 
seeled over and rntulated from the open end of the 
container, the taster being resaienfly defcrmabte and 
configvred eo that when in use. It can be caused to 
oontectboth temvnala of the battery to compleue cir- 
cuit tfterelMtween, the teeter fumier comprising an 
electrically reeisthre portion between the tenntnal con- 
ticb and in ooopef i tWe contact wtth an tlement vie- 
iUy rea p ona i ve to the condition of the resistive 
portkxi* 

Several devices have bean developed for testing 
dry cell batterlee to detarmina the fireshnesa or atata 
of charge of the eea. For exanipie. US^.723.e56 
diadoees a btl$ter-type padcage for new betteriee. a 
battery condition ir^cator baing bu9t Into the blistar 
portion of tt>e peokage. The bfiater can than t>e defor- 
med to place the tester aoocs the tenni nets of the bat- 
tery to be tested. 

The tester disdosed ebove employs a themioo- 
hramic matartat In corTtf)inetion %rtth e shaped resis- 
tNe element fhm Sow of cunent eeuses e reietive 
t e m p er a t u re gradient to be generated acroaa the resi- 
ative element, thereby cauaing a colour change in the 
thermochremic mctertaJ end indicating the stata of 
chergeof the beitery. 

The problem with this fonn of btttar is thec es 
deeofbed. the taster te asaooated with the package 
in which ttse beoenes are purctteeed. Once the ttat- 
tertes are removed from the package, the package wa 
ueuafly be dcscarded, preventing hmher testing of the 
odla t>y that teetar. 

Several pafiams have been Iseued to Roben Par- 
ker, fbr example USX4.70Z563: US^-i.702.564; 
US^,72fl.6ai and US-A^.737.020 al. of which 
easentiaRy tfksdoee a tndepsndent. flexible bettery 
testar havirig a conductive cirouK pettem essocieted 
wnh a layer of Ihemiochramic materteL The (textWe 
member it bent ao tfiatt the oiroul pctum can contact 
tha poaitfve end neQath^ tHmfenlae^the baOary 10 tM 
tested and* agairu tfw tempera&ira QradWnt ia lefleo* 
leo (n uie tnormouaviMc mesanei, tneievy Ruaaong 
the atata of ehaipe ^ me bettary. 

Af of the above laetere eiiler ftom the eame de- 
tidency* In that tfie teeter la an alement aeoereta f^om 
the cad which. In tfie caee of tte peckage. la uauaty 
thrown away and. In the oaae of 9m Paiker patents, 
can be lost or m«pAeced. In e^tfier caee. the atata of 
ctrerge of the battery ia aioetenrmabie, once tfw teat- 
ing device la no longer avelabie. 

In a first aapecL the preeent hventJon provldea en 
elecBrochemlcBl ea0 ertd a atate^-chaige teeter 
therefor, the eafl oomprtalng an epefv«nded container 
for the active Ingradienta of tfwceO and pcovidlngone 
terminal, a cover piovidlng the otfter tanninel of the 



ce:i anc being sealed over and insulated -lirom the 
open and of tne container, the tester being resilientty 
deformable and configured so that when in use. it can 
be caused to contaa both tenminels of the battery to 

3 complete a ctn:uit tharabetwecn, tht testar Afflher 
compristng an alectricaDy raststive portion between 
tht tenmrnai contacts and in cooperative contact with 
an element visibly responsive to the condition of the 
resistivt portion, characterised in that tha tamiinal 

10 contacts of the tester era securad in proximrty to the 
covtr, et least one of tht temunal contacts being bias- 
atd away from contact with (he relevant tarminal such 
that manual pressuns ia tufrident to complete the con- 
tact said manual pressure being exertable nomal to 

f 5 the container and at the periphery of the cover. 

The tester is preferably adeisted ao that the term*- 
naf contacts make contact with the cover end the con- 
tainer in dose proximity to the insulating seel 
therebetween. In a standard cell, where the cover pro- 

20 vides the bottom of the cell, the seal is located about 
the periphery of the bottom of the ceB, 

tt is prefarable that the contacts are spaced 
across the periphefy of the cover, but they may be 
spaced across the seal. V this is located in a dlfTarent 

2S position. In a preferred eml>odiment. the contacts are 
adjacent each other ecroes the seal, and manual 
prK$*iir% over the two can establish the necessary 
contact. 

It wit be appreciated tfiat one or t>oth of ttie con- 
JO tacts can be biassed away from its terminal. Where 
the tMo contacts are dose together, pressure from 
one digit may t>a sufficient to bring both contacts into 
contact with their tenninals, where both oontacb en 
biassed. 

j$ If the oontacta are apaoed apart and both are 
biassed, then ft may be necessary to apply two digits 
to effect contact This may be advantageous for cella 
where pressure Is nornidly exerted on the bottonv 
auch aa by a leaf apring in the device. 

40 Theterm'normar IS used to irrdlcatB that ttie tes- 
ter is located on a portion of the cefl which Is not a 
ma/or wall of the container, and ia generalty the bot- 
tom The bottom of a cell may not necesaarty be at 
90* to tfie container. In which caee It la unlikely that tN 

49 taater wiB be at 90*. Such an embodiment ia envis- 
aged by tfte Inventioa 

The leeietKe portion is advantageously as long 
as passible ao as to provide maximum visible expos- 
ure. Whee It ia posatbie that the resistive portion la not 

so aecured to the cpa. such an embodiment would likely 
be fregSa. AecoMlngly. ft is preferred that the raststhre 
portton is affbced to the cell. In addition, ft b preferred 
ihet the resistive portion Is located about the periphery 
of the bonono. ao that k may readily be obeerved by a 

SS user pressing the eontact(s). 

The responsive element may be anything that 
reaponda to the stste of the resistive element Such an 
element wiB usuelly comprise a thennoct tf om ic or 
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atectrocftromjc material. Sucfi matenais nee<3 to De in 
doM enough oontac: wtin tne rtsistivc element to 
respond to its condition. In the case of the thenncc^ 
hromic matedsJ. this P»qui'«« lh«t hast gcrwittd by 
tho fcsiil've portion can affect the thtrmochromic ma- 
tarial whfla. in the casa of tha aiactrDChromic material, 
a DC potential must tM able to act on tha Indicator. 

Advanagaously, the teatar Is n tha fonn of a 
washer situated on tha bottom the call, with a tuit- 
sWa substrata supporting tha various elementa of th« 
tsatar. Thia washer is advantageously held on the cat! 
by a shrtnfc-wrap label, such as is usually (ound on 
calls of thia type. AKamativaly. the tester may be held 
on by adheahre, for example. 

To provide bias, tha taatar may be of a raaHient 
material, with a spacer located imntedlataly adjacent 
the contact so that prasaura may affeci temporary 
contact whae appM. Attamativeiy, the washsr. 
where employad, may be of a raattiant material 
dafomabia to permit contact of the ends of the tester 
with their temrtinaia. Other embodiments will be appa- 
rent to those skSed m the an 

The tetter may be detachable. If ao desirad. In 
use. the tester snould not obstruct contact of the cell 
with the device to be powered. Howevsr. the tester 
may comprise a aafety cover to prevent nadvertant 
eisctncal oontaa with the bottom of the oeQ prior to 
use. for exannpls. 

The prvsent Invenbon also provides a comb>- 
nation of an intsgrsl battsry snd cttte^-charge indi- 
cating device compnsing: 

a t>aaary having a flrat and a aacond external 
terminal of opposite polartty; 

a 8tata^<harge tndlcattng device compnsing: 
a flexible member on the battery oov«nng s 
portion of eech of Oie llrat and second terminsU: 

an indicating material on one surface of the 
flexitile member and 

oonductrve msane on the flexible member m 
essociatwn with tha Indicating material and poai- 
tioned for electhcal oomact wfth the first and second 
eidamal tamMla. whereby praaaura on tr^ flexible 
mamt>er wtl causa ttta oonductfva maana to complete 
an electric^ caout between the fnt and second 
axtemal terminais on the battery cauaing tf>e mdicat- 
tng material to change optical absorption to an exunt 
depending on the state of cfwge of the battery. 

In me combinsbon. the indicating matsrial is pref- 
eratjiy a Oiermocnrormc mateneli end 

tne conductive means is a shaped conductive 
pattem in thermal eontaet with the indicating material. 

The indicatbig matertaf is preferably a Kould ciyv 
tai matsflai. 

Theoombirwtionprefefabtyhasan tndicattng ma- 
terial wtiich ia an eiectrochromtc material end whjch 
undergoes a odour change or change In optical 
absorption as pert of an oxidationAreduction rtsction 
caused by me direct application of a DC eiectrical 



potenual d the matenal. and the oonductjve means 
are spaced eiecaicai contacts for contacting the first 
and second external terminals on the battery and for 
direcQy applying the DC potential from the battery to 

5 the electrochromic matenal. 

The combination preferably comprises spaced 
discrete areas of indicating material, the numt}er of 
the areas which change colour indicating the state of 
charge of the t>attery. 

10 Th« indicating matariai is advantageous^ e cortv 
btnation of layers of thermochromic materials that are 
actuated at different temperatures. 

Preferably the flexible memt>er is a washer-like 
member of aubstantialy the same peripheral dknen- 

13 siofts as the battery and the ind(catif>g material $n6 
conductive means era on the same side of the was- 
her-ttlce member. 

Tha oombirration preferably indudes an electrical 
insulating coating on the conductive means except In 

20 the area where the conductive meana is poaUoned for 
electrical contact with the first and second external 
terminals on the battery. 

his prefen-ed that the first terminel or the battary 
is an end cover for the battery, and the second termW 

iS naf Is in contact wim the houairtg for the twttery; the 
flexible member has a firat end for contacting the firvt 
terminal of the battery and a second terminal for oon- 
tscting ttie second tenninal of the battery, and the 
flexible member b disposed on the end cover of the 

30 battery. 

In a further aspect of the present Invention, there 
is provided a battery having an integral state^f-char- 
ge indicating device oompristn^! 

a conductive housing containing the active 

» components of the battery: 

a ftrit conductive cover member attached to 
one end of the housing, the first oonducSve cover 
member being electrlcaify connected to the housing 
and forming the positive teanlnal for the battery: 

40 a second conductive cover memt>er for dosing 

the opposite end of the houaing, the aecond oonduo- 
tive cover member being electrlceify Insulated from 
the houaing, the aeoond conducthra cover membar 
forming me negative termtnal for the battery; 

45 a atafii-oMiarge Indicating device disposed 

on the aecond conductive cover member, the Indicat- 
ing device comprising: 

a flexible member shaped to oonfonn to the 
housing: 

so a t9V*c of thermochromic material on one sur* 

face of me member 

a shaped conductive pattern on the surface of 
the thermocnromic matefial. the conductive pattem 
having firat and second end portona: 

15 a layer of electrical trwulatlng matenal on the 

conductive pattern, the Insulating matettal hav{r>g an 
opening so as to leave sxpoaed at leaat one of the first 
and second end portions of the conductive pattem so 
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that when pnsw it applied to th« surface of the 
iltxtble membtr above the (irtt and second end par- 
^ons of the eonducti^ pattern one of the end portions 
wis contict the poeitNe tenntnal whOe the other end 
portion oontBcts ffie negeUve termfnal causing the 
^conductive pattern to heat and change the colour of 
^th« thermochromlc nneterial there^ indicating the 
ctata of cheree of (he battery. 

The battery prtferabfy has a label covering the 
surface of the houstng wfth the ends of the label rolled 
over the edge of the fUst and second conductive cov- 
en, the «tat»-of-cha;ge Indicating device being held 
•In contact with the second conductive cover by the ro(- 
'lededQeofthelabeL 

In a yet fUrttMf aspect, there is provided a beitery 
having an tntegrel sut»^<naige indicating device 

a housing containing the active coniponents of 
the battery; 

a first conductive member on the housing forrrv 
ing a first extemsl tenntnat for th« battery; 

a aecond oonducthre member on the housing 
forming a second eiderrtsi temvnat for the battery: 

a atate-of-charge indicating oevtoe disposed 
on the housing adjacent the first and second conduc- 
tive membera. the device comprising: 

a flexible memt>er disposed on the housing in 
contaa wfth a portion of one of the frst and second 
conducttva members and over a part of the other con- 
ductive member: 

an IfMlicetlng ooatfng on one surfsca of the sub- 
State; 

a oonducbva pattern in thermel oontaa with the 
Indicating coating, the oondudtva pattern havktg a 
first end edjecem the first conductive member and a 
second end a^Jecent the second conducthfe member 

a layer of Inautedon covering sfl but the first ar)d 
l^^denda of the oonduceve paoem so that press* 
m applied to M aurfece of the flexible member 
above the first and second ends of me conductive pet- 
tsm win cause me eonaucave pasem to be eleclrlcaSy 
connected between the aaemaitormtnela of the bat- 
tary OBualf^ me oonduedve pattern to heat and the 
irtdteating ooadng to «xhM a vtsuai Change which can 
be leiated to the state of tfMrge of the bcaery. 

There is also provided sbattory he vmg an Integral 
atate-oMiaive Maetmg devtoe comprfeing: 

a housing for oorttatnmg me edNe compo- 
nents of me beaery: 

a fkst oonductfve portion of the housing fomv 
Ing a first axtamai termini for the battery: 

a eeoortd eoneucttve portion of the housing 
forming a aeoond axtemai terminal for the betmy; 

a flexftle aubetrate on the housing ceveitng s 
pordon of the first end eeoond exxentel termtnete; 

a layer of ele cboch r o mic matarM covertng a 
portion of the aubetrste: 

a find eiectricafly conductive means in eiectrt- 



cai contact with.ine electrochromic mattfiai: 

a second electrically conductive means in elec- 
trical conuct with the electrochromic material: 

s layer of electrical insulating material covering 

5 the first end' end second eledricany conductive 
means with the exception of me end portions thereof, 
so that pressure on the flexible substrsts wll csuse at 
least one of the end portions of the first and second 
etectricsQy conductive means to come into electrical 

fo contact wfth st least one of the first and second exter- 
nai terminals thereby applying a DC potential to the 
etectrochromte material causing it to change colour or 
optical sbsorptlon to en extent indicative of the state 
of charge of me battery. 

fs The elec&ochfomic material preferably tat;aa part 
in an Qzidstion/reductlon reaction on application of a 
DC electrical pottntial producing a visual change In 
the electrocfiromic material. 

There la also provided a combinadoh battery and 

30 stat»-of<harge tndicattng device comprising: 

a battery having first and second conductive 
portions forming external terminals of opposite pof- 
anty: 

a stste-of-cfiarge indicating device on me bav 
3S tery. the device comprising: 

a flexible layer forming a substrate: 
s plurality of layers of mermochromic material 
on the substrate, me thennochromic layers cxh^ng 
a change in odour or change In optical atksorption at 
X differertt temperstures; 

s conductive pattern in mermel contact wim ttie 
pturaCty of thennochfomie layers, the oonductKe pat^ 
tern having a first and a aeoond end portion which on 
applicallen of presaure to the substrate wil complete 
3S en dectricel circuit between the conductive pattern 
and me extsmat tsnntnals on the battery thereby 
causing the conductive pattern to heat and in turn 
cause me plurality of eledrochromic layers to change 
cdour or optical abeorption in relation to the state of 
40 Charge Of the battery. 

At least one layer of the pturaOty of layers of ther- 

mochiomic material preferably exhibits an kidlda. 
auch aa a word, In^cathM of the atato of charge of the 

battery. 

45 Thus, in one embodiment, a battery is provided 
wim an end^-ceil voltsge Indicating device which 
can be used tolndicato the state of charge of toe bat- 
tery. The Indicating device has a flexible aubetrste of 
the same peripheral oonflguraflon as the battery. The 

so substrate haa^n indicating coating on one sufface 
which Is In thermal or electrical contact wtm a conduo- 
Uve cnult pattern virhieh can be temporsrfy oonneo- 
ted between the terminals of me battery on appncatlon 
of pressure to sn m^cated spot on the surface of the 

u substrsts. The conducdve circufc means causes the 
Indlcat^g coating to undergo a viable change whk^ 
ie representative of the state of charge or vdttge of 
the battery. 

i 
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m a fuitner emoodiment th« prvsent tfivenrion 
^ provider «n imagral Dattery tnd stato^f^nifj* mdi- 
^ eating dtvict with • bsotry having ftret and * $»cond 
exitmai Unninals of ODPOciU polarity. Tha atate-of- 
charge indicating davica has a flexitjia mamber on tf>« s 
oattcfy covcnng a portion of aacti of tha ftm and sac- 
ond ajoamaf tannmaJs. An hdlcatlng matariaf ts on 
ona surfaci of tha tubstrate. An aitctrical conductor 
is on tna flaxibia mambaf in asaodation witn the indi- 
cating matanat and ia poaitfonad for aiactncat contact io 
with tha firat and aaoond external tarmtnafa. Praaaurc 
on tha Hajdbfa mambar wOl c«u$a tha condtictor to 
i complttft an aladhcaf drcuft batwMn tha nrat and 
•a conda xxamaltafminateonthabattafycauaingtht 
WicatingmatartaltochangaopticBlabtofpttontDan u 
axtam depanding on tha atats of charyt of tha battery 
An orHh«^l taatar ia mora convamem for th« 
usar. anca ft ia an Integraf part of tha cafl or batt^ 
«nd ia not dtscardad with tha original packaging. 
tkaw»«. audi a taatar cannot ba mispiacad. jo 

The indicating material can ba a tharmochromic 
matana* which changes colour or baoomei tran«p». 
rent Tha colour can ba utad to Indicata tha atata of 
the battery. If tha matariaf bacomaa cdouriesa. a tuit- 
abia acaia undamaath tha material can ba uaad to 
indicate tha atata cf tha battery. Many surtable mar- 
mochromic matarwta which change colour have ba«n 
diadoaed. lor axampta. the matanaJt of US-A- 
4.723.fl5« and thoae diaciosad in the Parlcer US 
Patents liatad above. ^ 

In addltkM alac&rochromc materlaia may ba used, 
or any other aultawa matanal which can give a visual 
indteation of tha catTa atata of charge. Suitable el^c- 

trochnwnic materlaia ara Squid cryatal rnatariala 

unaaryo a change in cakxr on appticatkui of a DC u 

Ihoaa diadoaad h US^6e7.039. Tha 
alacoochromlc matarwi can aiao be of tha type which 
. thangaa coloi^ or optcal abaorp(k>n on tha dract 
application tf^OC potamuf wMch hUataa a radox 
raaction aithar in the aiecvochromfe matanal or in 4o 
another componem or in « advant h whtoh the elec- 
bochiomic matartal m d«aaiv«d wKn ma aiactioc. 
•wwnic matartal undarpoing « ctianga as a loeult of 
ProAaaa or iha oawation arid raouctionof the aoivam 
or another oompo n ar c Suitable matariala of thia type 4S 
•ra oonvwibonal add base aidcam such as 
phanolphthalatn and mathyiana bfua and also mata- 
riala of tha type dbctead m US^9Q2.10e. 

Tha atata^<fi«9e indicator cMt ba in tha form 
ofawaaharwhlcni.b«,ng<jtoanandcovefofthe ao 
battery. The waahar^Bca leaiK can be held in place by 
an adhaarva ar^ the battery wrapper which ia hea: 

ahnjnk onto tha batiary where it covers a portion of the 
adgaaoftheend eov^. 

In another ambodiment of the preaamlnvenbon. 36 
dWarent leywa of Micating materials are employed. 
The layara are aoivatad at different temperatures or 
*tatas and can be daaignad la change colour and^or 



a^n Jear at different temparaiuras. For example, the 
layer of material activated at the highest temperature 
win preferably be the bottom layer, and tha upper 
wyars are arranged in decreasing temperature of acti- 
vation with the material activatad at tha loweat tenv 
perature In tha top layer. These tayera can be 
•nanged so thai when the tester is activated. orWy the 
word -GOCO- is vbtble untiJ the battery state of 
c'^'rye has decreased to a certain level, at which point 
only the word "REPUCE' becomes vlslbla. Other 
suitable arrangamema wfa be mppmrrt to those skS- 
led in the art. 

'^""facftae of tha battery vottage teeter, 

ft is preferrwi to use a web of the subabato rrwterlal 
|*«ch can hold many tasters, and to nin the w^ 
through a auitable printing machine or coafing 
machine where each layer of the tester can be applied 
at individual atetions. After the several layers have 
been applied, the wab of material can be run through 
a auiteUe punch or die cutting operation to separate 
the ndividual voltage testers from the web so that the 
testers can be appOad to batteries in the fIntsHng of 

tha cell during the heat shrinking of the label. 

The invention wfil now be ftather Bustrated with 
respect to the aoobmpanylng drawings, in which: 

Pigurs 1 9 an enlarged aecttonal view of the bat- 

tery voltege tester showing the several layers 

used to mafce the tester; 

Pigura 2 is a top plan view of a toeter as Installed 
on a battery with a removable proof^-frashness 
seal in the centre; 

Figure 3 Is a pten view of a th e m>oc hioi nic layw* 
used in the voltage tester, 

Figura 4 is a pten view of a colour band used h 
the voltege tester 

Plg« 5 is a plan view of a conductive pattern 
used In s nrst entbodiment of the voltege testae 
Plgtire 6 is a plan view of a layer of inautetlon used 
on an cmbodimem of the voltage tester; 
Figure 7A ia a parttel achematle view of a battery 

voltege tester inatalted on the negative end of a 
battery; 

Plgure 76 ia an enterged view of the abuetore 
incH/ded within the cinde of Figure 7A; 
Figure 8 is similar to Figure 2 and shows the baae 
•ubatrate on which the several tayera of the voft- 
ege taatar are supported; 
Figure 9 is a pten view of spaced electrodwomk: 
ooetmgs applied to the subabate; 
Figure 10'i a plan view of an insulating layer 
applied overthelayemofTigufed: 
Figure 11 is a plan view of the conductive pattern 
iteed in a seoond embodiment of the voltege tee- 
ter 

Figure 12 is a plan vtewof a layer of inaulatkig ma- 
larial on the conductive pattern of Figura 11; 
Figure 13 is a pten view of a eonducthre pattem 
used In the voltage tester; 
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Figure 14 is a plan view of an insulation layer 
us9d on the second embodiment of me voluge 
^ tester: 

Figure 15 IS a schematic view of the connection 
be&ween the ceft being tested, the conductive pet- s 
teai and the good and bad electrochromic serv 
sort; 

Ftgure 16 is a substrate used in e third embodi- 
ment of the preeem invention with indicia thereon: 
Figurt 17 b a word indicative of the state of the io 
battery printed on the substrate: 
Rgura 18 la a layer of material used to contrast or 
I htghOght the indicative word of Figure 17; 

Figuns 19 is a seoond word indicative of the state 
Ofthebcttery: 

Figure 20 ie s layer of materiel of contrasting od* 

our to highlight the graphics; 

Figure 21 is a rvaiator/conductor layer having 

apacad oomaa poniona; and 

Figure 22 is a layer of dectncal insUating ma- 20 

terial which oovera ell but the eiecdcal oontaa 

portion of the resatotf conductor layer snown In 

Figure 21. 

Figure Vprovidee a sectional view of the voltage 
tester, indicated generally by the number 20. having 2S 
a eutMtnts 21 whiot suitably can be made from any 
flesoble potymeric mateital such as polyethylene, 
polyester, poiypcopytene or polyvinyl chloride (PVC). 
The p re f eiieO matenal ii polyvinyl chlondt. which can 
t>e either tranaparent or translucent so that the io 
change produced In tfte voltage teeurcen be viewed 
through (he eubeoats. The eeverml componens mek* 
mg up Che voftege tester are appned as layers to a sur* 
fiece of the eubente 21. The several layers can be 
applied by direo or elk aoreen pnnttng tecnniquee, for is 
example, and buit up in layers on the aubstrata 21. 
^ Thetestermeybemanufacturedinadrcuarform 
*<)n'a wmaher atred 10 fk d>e battery to be tested and 
tnsttOed on the erxl of me eeO. preferably the bottom, 
before the label « heat shnink around the end of the 4c 
ceO. The term "boeam.* ae used for the ceO oonsmMv 
tion deeoribed hereeu lefers Is that end of tfie cefl 
which is open Ajfing teaemWy and Is then doeed by 
an end cover. In Ote manufad^ of the tester, the 
aubetr8ta21CBnbepimcrtedoutofeultabiepe«ynttrtc ds 
meteriai aiong with a oente portion 22 (Figure 2) 
which can be ueed ee a proof of freehnesa seel tar trw 
batssiy. The pevipherd edge of ffie centrt diec 22 Is 
psrtuny relieved eo that it oen be easty removed bef- 
ore the battery is put etto servloe. so 

The first layer of material to be applied ID the sub- 
sme wll depend on the type of ntetertals used to indi- 
cate the freshness or voftage of the bettery. If a 
therrr«ochromic layer la to be used which beoomee 
bmnepersnt upon heating, the leyer 23 (Figure 3) can $5 
be applied & the suoe»ate. The next layer to be 
applied can be the colour bend 25 (Figure 4) folowed 
by the conductive pettem indicated generaJly by the 



numoer 28 (Figure S). It can be seen in Figure S that 
the conductive pattern has a p^rhof spaced end por- 
tions 29 and 31 and a shaped pattern 30 which prog- 
ressfvf ly inaeasee In width rn a dockwise dlTBction. 
The next layer applied to the voltage tester is a layer 
of electrlcel insuletion 32 which covers the surface of 
tne leyer 28. with the exception of the opening at 26 
through which the ends 29 and 31 are exposed. When 
me tester is installed on the battery, layer 33 faces the 
battery end cover. 

A decdourising themiochromrc layer 23 (Figure 
3) employing a dye material^ such as crystal videt tso- 
tone, may be used with a suitable phendic material 
and a wax material forforming a lUm. A suitable deooU 
ourising oombinafion is disdoeed in LIS^.835.476. 
Employing a material of this type, layer 23 can 
become ffansparent on heating and expose th« layer 
25 of the odour band which can be bdow 1 The col- 
our band may oonveniendy be made of any su We 
printed ink pattern which ia chemicaOy compatible 
with the layer 23. If a thermoc hr o m ic material is used 
which generetes a colour or a visible front on heating, 
then the leyer 25 of Figure 4 may be eliminated from 
the voltage tester and the layer 23 may be placed ^ 
thennal contact wfth the conductive pattern 28. 

The conductive pattern 28 may be a s9k serened 
layer of conductive ink Incorporating copper, silver, or 
other conductive meterials. It can dso be made of any 
of the welMcnown transparent conductive materiats 
such as a doped substoichktmetric oxids of tin. 
indium, cadmium or zinc As the voltage tester Is only 
to be viewed from one side, thers is no reason for the 
conductive pattern to be transparent The layer 32 
ntay be printed or silk screened over the oonducttve 
psttem using s nor>-conductive ink or varnish or the 
nke. which can be used to eiectrieally Insulate all but 
the contact end portions of the oonductive pattern 2a. 

Referring now to Figure 7A. a portion of a battery, 
In this instance the bottom, is sho%vn and Indicated by 
the number 35. The negative end cover 37 is insuteted 
from the housing or eentsiner of the bettery by a suit- 
able Inetiattng matertel 39i« shown In Figure 7B. leav- 
ing an air space 47 between the battety cover 37 and 
tester 20. tfscuseed below. The wafer vdtage teeter 
20 is applied to the end cover of the battery with end 
portion 29 of the conductive pettem 28 of Figure 5 
etfher contacting (as shown in Ftgures 7A and 76} or 
spaced from contact with negative end cover 37. End 
porbon31 ie speced from ttte positive portksn 35 of the 
battery oontalfier or housing. When the tester is 
applied to the battery, a small amount of adhesive (not 
shown) mey be used to hdd the assembly in place. 
The bettery labd 43 Is then applied over the battery 
with the end portion 45 of the labd surrounding and 
gripping the peripheral edge of the vdtige tester 20 
to hdd it In piece on the end of ttie bettery. It Is edvan- 
Ugeous in the assembly of ttw voltage tester and bat- 
tery that the sir space 47 be provMed below the tester 
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to isolate the heatsentrated in tne conductive panem 
from me trvennal mass of the aattery so that an accu* 

« rate reading can be obtained. 

j_ When me tsaembty of the voltage teeter and bat- 
tery le oompfete. referrfng to Figure 8, precetjre s 
applied ct 49 wiU csm end portion 29 of conductive 
pattefn 28 to cocnt$ bito efecQicaJ contact with th« 

^ negative end cover of the battary whie contact 31 of 
the eeme conductVe penem oomes htto contact with 
the poeitive portion of the batteiy housing, ceuaing io 
cunent to fiow through me ahaped portion 30. The 
heat generated wll cause a temperature gradient 
from hot to oool, depending on the currwn. and actf- 

I vate the thermochnxnic material to revtal. in this Inst- 
ance, the wofds "REPLACE* and/or *G000.* ia 
depending on me tteehnese of the battery. The extent 
of the temperaejre gradient tn me m er moc hr o m ic 
layer le dependent on the voltage of the bettery. If the 
battery voltiige is low. the DC potential may not be 
high enough to generate sufntient currem m create e 20 
tempereftn giadtont beyond the word "REPLACE* 
which Indicatis thctthe battery shoidd be discarded. 

In another embodiment of the battery tester, an 
eiectiochivnic matenat is ue«d which can develop a 
visible dieconbnutty. depending on me voltage or 25 
state of charge of me bcoery. As shown in Ttgure 6. 
ttw aubetrate m stmier to that shown in Ftgurs Z The 
same type of vanepersnt or translucent materU can 
be used for the layer 21 wtm the proof of freshness 
disc 22 again beng removable when me batter/ is put 00 
into serves. 

Simfler to me first embodiment of me pment 
tnvemion, the etecffochrornc embodiment can be 
printed or ooeted in mumde layers on a plastic web 
subeiram end then be die cut or atimoed out at the ss 
end of me menuCeobrog process. The oompleted 
bettery teeters can then be ueed tn the finishing pro- 
cess in the bettery msnufscture. For example, a web 
of polymerKmeteriaf 21 can be fed through a multiple 
poeition prlntvig mecnkte whsre. at the fm pdnting «o 
station, the grephca are pnnted m reverse. In the next 
printing statioa two or more electrochromic leyers. 
euch es 51 and S3, wtech can be of Oie same or d#- 
ferwit eie caucfsuisu mrectariatica. can be applied. 

ThenMlayerofineter^altDbeapolledtomevolt. 45 
age teeter la a layer of eisctrlcal kMa«ion 56 whicn 
has e pktfvlty tt soeoed epvrturse 57 thereat which 
provide *ooees to me snds of the eleceocnromic 
deposits 51 end S3 lor ther reepectKe etectricst con- 
nections. Neid. a oonouciKe pattern is applied con- so 
eisting of b«o perts 59 and 61. Conductive paaem 61 
is substantiaay bnger than oonducM paoem 59 end 
extenoe in a doe«cw«s direction eround the eubctrete. 
as shown in Figurs 11. A ley«r of electrtcaJ insUeting 
ntetsnel 72 is then appllsd ov«r eubetsntiaUy eu of ss 
conductive pectems 59 and 61 (r«gufs 12). As pocnted 
out above, me oonducave petums 59 and 61 are m 
electrical contact wnn one end of each of t»>e oiectroc- 



hromic layers 51 and £3. 

The next layer to be applied vo me Voltage tester 
is shown in Figure 13 and is a lesistor/coruluctcr pat- 
tern 63. having e ftst end portion 65 and a second end 
portion 67. The resistor/conductor material 63 may be 
eny type of suitable conductor material such as a 
metallised layer or. preferably, a conductive hie, such 
as an ink containing carbon blade, whch can be 
applisd through priming. The end portion 65 of the 
resistorrccnductDr pattern 63 is in etectrical ocvitact 
wim me exposed ends of conductive pettems 59 end 
61. The r»»istor/oonductor porOon 63 le then covered 
by e layer of insulation 69 (Figure 14) except in the 
erea 73 where me Insulating pattern leaves me end 
portiona 65 and 6T of the resistor layer 63 exposed. 
This co m plete s the assemb^ of me eiectrochromjc 
voltage tester. The testers can now be db cut or stam- 
ped from ths web of polymeric nteterial and sent to the 
battery finishing arse where the tester 20 can be 
epplied to me end of me bettsry. ae shown in Figure 
7. 

Refemng to Ftgurs 15. a atmplified schematic of 
the voltage tester is shown oonn^M scrose a cell 
73. The conductive pattema 59 and 61 and me elec- 
trochromte layers 51 and 53 are electficany connected 
through me spaced aperturee 57 in the In s ula tion 
layer 55 shown in Figure 10. When the switches are 
dosed, connecting the voltage testsrto bom tenWnsis 
of the battery, s good battery w(0 produce enough voft- 
age to turn on both me good and bad sensors. A weak 
battery will only have enough potential to turn on the 
bed sensor. 

In anomer embodtmem of the battary taster, lef- 
ecTing to Figures 16-22. two or more layers of ther- 
mochfDmic inks are printed on top of one anotiier eo 
tfiat wtten one or more of the thermochromic layers 
are activatid. the successive layers turn dear, expos- 
ing tt>e prtnted meesage below. As shown In Figure 
16. the battery tester is Indicated generally by the 
number 80. The first stage of s multistage printing 
operation invohres printing die pdymerie material 61 
wUh the graphics 83. showing wtiere to "press to teeL* 
As In the ether embodiments, a removable proof of 
f^ness seal 85 b hduded. 

The second stage of me prtnttng opersdon invol- 
ves re verse printing wtth mermochromic Ink an Indlce- 
tivs word 67 (Figure 17) to indlcete that the battery ia 
too weak to pass the test when the tester is energ is ed, 
end should be replaced. 

The mird suge of the printing operation Involves 
printing a odour band 69 wim thermoc hr omic ink (Fiss- 
ure 18) to contrast me indicative word. 

The fourth stage of me printing operetion prints 
the word st 91 . indicating e good battery (Figure 19), 

Ths tmh stags of ths printing operetion Involves 
printing s contrasting odour 93 to hlgftftght the 
graphics (Figure 20). 

In me sixm stsge of me printing operation, an 
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eieeswaoy eonductiv. ptasm 85 (Figwe 21) « p„>,. 

i «9*iotfooMuctDf ptoefn M thown in Fig«« ,3 

^*^o^<i^ p,tem 95 ha. .p,c«( confci 
pofooiw 87 aftd 99. ' 

lnt»»My«,th8ndfini/««9.ofttiepriniin8op.,. 

^^i^ilS?^ "'^'"-^"'^ f'^'o-'-S 

tof/oon<Jucaor 85 wtter* tht oonaet porten. 97 «nd 89 
■« .Wd throush me .pace 103 in .learicHy 

P^Wifli hloft woojn to cwM m, memxxdwxnic 
i^JT in Rgiif. 19. 

«.tortton*«Dr,rfB e>u.e • change in ih« ootourof 

«a« enttotfm^rtwoUd c*i» only . p«j,i cttour 
Change. Jhefrty eonftrtino the conKinw. 

• oontmuafly tfecft^ to ,„ ^ ^ ^ ^ 

eoMwitr «rt»ich .eo^ „ o,m teminal. THe teeter 
«|be epp^ed to p^j^^ ^ 

In the «£>ov« descriobon of mt Figures, it wui £>e 

onty w«i r-cHKX to tha enUxxJimtno d..^ 
CTbed, tnd ii HOC n«j.M«rty «n •tsential fbaturt of 
ttMtnvcmfoa 



f5 
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aaJmt 

^r^«for tho otf compftemg «i operv^nd^d 
conumtrfaf tfto*a»v« ingrKjiartjof tf^^, ^ 

t«ct t)oth twnwiti, or tht b«a«y ID oorT<>*n. « 

ttOKt thMbM»«m. tMterUlh«^ oomprii. 
olocfricaftir tmmo^ porten bet^ lh« 

t*ni*n«f oortMi tnd h oooparrfw contict w(n 

■n elemort vtii*biy rwpor»i^« to tht oondUoa of 
tno nwatVo portoo, eft«f«aw«d h m«t th« t»r- 
fnawl oom«cu of tfi« tp«.r « »«ur.d h proi. 
nrty to m« oovw. «t i«at om of tftt terrtnal 

m# f»l«vMe iom**i( aucft tf« n«ni«» p«t^ 
It •umdem to oompiM tho oontacc. mm mtniMJ 
Pr^uft bolno mmiPl. normti to th* conuintr 
•no «t tho pertphify of fte oovtr 



2. AcdUndtesreraccofdingtocfaimi.wfttreinthe 
tester rs adapted so that the terminal contacts 
make conua wfth the cover and the container in 
ciose proximity to the Insulating seat. 

A cell and teateraccorting to daiml or Z wherein 
lh« contacts are speced across the se«| p„fer. 
at>ly mSjMCTH sach othw- acreas the ee^ 'manual 
pressor, over the tm> being strfRdent to Stilish 
the necessary contact. 

A can and tester according to any precatflno 
cum, wherein one eomact is secured to tts term;- 
nal. 

A can and tester according to any preceding 
ciajm. wherein the contacts are spaced apart and 
both are ttiassed. 

mJ^^^^"^' to any preceding 

daan. wheretn the r«iative portion is as lono as 
PowiWe, so as. to provide maxmn/m ynsibit 
a^ure, the resistfw portion t>eing preferab^ 
affixed to the cefl. ^ 

A tea «,>d tester according to any preceding 
c^<m. Wherein the resistive portion is located 
atKXit the P^iphety Of the bottom, so that it may 
«aday be observed by a user pr^wing the con- 

A ceil and tester aooorting to any preceding 
da m. wherein the respons^e otement comprises 
a thermochromlc Of eiectrochfomicmatoftt doso 

•noogh to the resistive element to respond to ilB 

condition. 



». A ce0 and tester according to any preceding 

ci8tfn.whereinthe tester is In thefbrmofawasher 
aituated on the bottom of the cell, with a euitsbfe 

•ubatrato supportfng the varfaus elwTwrts of the 
t«ter, th« washer preferably being heM on the 
ced by a etwik-wrap label. 

10, A ce« and tester aooordrng to any preceding 
dam, wherein the tester comprises a detachable 
safety cover to prevent inadvertant dectrical con» 
tact wtn the bottom of the ceU prior to use. 

11. A cen or tested according to any pceoeding daim. 
wherein the responsrve element comprises at 
least t^dKTertntrnaterials each nsspondtng to a 
different stata of the resistive element stich as 
dtfftrent temperatures. 
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